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ABSTRACT: This report describes the results of the AAP 
Sun Sende Test aboard the USS MACON in September 1952. 
These results are substantially in agreement with those 
tne Neval Electronics Laboratcry model study, conducted 
1952, and with the spin angle error assumptions used in 
recent AAP effectiveness studies. 
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The reliable performance of the electrcnic gear, and 
the excellent coaperation of the ship resulted In a very 
high percentage of usable and significant records. However, 
due principally to the extreme caimness of the zea, ani vhe 
differences between AAP and 8"/55 trajectories, these results 
cannet be considered ag a conclusive measure Of the ultimate 
Bpin angle errer of the AAP, and a need for further investi- 
gation 18 indicated. 
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SECURITY “<P FORMATION 


The Shipboard Sin Sende Text which resulted in che data 
presented here “as conducted oy the Missiles Divigion under 
task HOLe-Ketle-ilfel-53. he scope of the test was sues 
thet a mejority of the persannel cf the division teok 

part either im the shipboerd shase or in developing the 
instrume: tation, The analyeis of the records as well a 
the cempilation of the data presented nere,. was perfacs 
largely by the “Morris Engineering Company, and was al 
and checked by 41, M. Johnton and C. W. Kettenbach ef 
Missiles Division. 


Further details of the Sun Sende teehnique, shivbeard instrue 
mentetion and methods of tata anslysis are resented tm ine 
te.nel reperte. 
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SHIPBOARD SUN SONDE TEST OF SPIN ANGLE ERROR 
LWTRODUCT ION 
Significance of Data 


lo The Angled aArroy Projectile is a slowly rotating high 
velocity arrow shell capable of one angular trafectery correc- 
tion during fuight. This trajectory correction is accom 
plished by “the conmend firing of a shert burning-time rocket 
which thrusts et right engles te the trajectery. The shipe- 
board computer, ey extrapolating target and missile coordinates, 
determines the optimum time and direction in which to command 
the missile anc. accomplish the trajectory vuorvection. The 
steering roe ket has a fixed orientation with vreapect to the 
missile and the correct direction. of thrass is achieved by giving 
the defleection command at the preciss instant when the missile 
ils in the orcper revaticnal position. Is is, therefere, basic 
to the system ihat the thipbcard guidane> equipment have con- 
tinusus inferiustion on the inatantaneaus “potational position 

er the migsile in Puignt. Pursber, the accuracy of this ine 
formation i6 a prime factor iu the accuracy cof the system, 

and Lts effectiveness. The £A?P Sun on “880 was conducted 
aboard the USS MACON te evalvate the seearisy ef this rotational 
pesltion infersmatiorn under actual shipb board conditiens. 


ao be 


2. This rotatienal position infcrmation lu derived by the shine 
board translater Yrom a cw radio Signal sranenitted by the 
misslie ang moculated only by the rotation of the missile and its 
antenna pattern. The misglie antenna pastern, characteristics of 
the received signal, and me de of Operation of the translator 

are deseribeé in reference fa). For present purposes, however, 
it should suffice te peint out that the basie radlating element 
in the missile is © loop antenna. The plane cf the leap con- 
tains the missile axis of retatien, and eoxuates about that axis 
as the misaile rotates, Consider for simplicity Figure (1), 

the missile fying horizontally, retating slowly abeut its axis 
With the looy santerna, slse rotating, tr: Su Ltt ing & ew Signal 
peek to the ehip. The polarization of this bignal will depend 


On the orientation of the leop. If the slune of the leop is 
vertbieal, the polarizatien (EK yeeter) of thse backward radiated 
signal will be vertical; 1f the plane of the loep ig horizontal, 


DoLerigeilon ef the radiated slenal wil be horizontal. 
iipbeard receiving sntenna is vertieelly polarized, and 
received Signal will be a med Lamu when the polarization 

of ths radiation resching it is also vertical, Ulkewise, the 
received signal will be zers if i the peotarizat.oun of the radia- 


t 
ee 
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Sion i8 herligont The translater, by elertronile means, Beleets 
the times st wi the veceived signal 18 a maximum and recog- 
niges that the angle or rotational voesition ef the 
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aval Electronic Laboratory Model Studies 

5> From August 1952 to January 1953, a proszran waa conducted 
through the cooperation ef Bubhivs at the Naval Blectronies 
Laboratory in San Diego to study these polarization errors 
and determine the eptinun antenna socation om a meade! cruiser. 
A detalled description of this study and th: cesults chereof 
is given tn reference (b). A scale factor of 48 to 1 was 
ysed with a smooth metal greund plane representing the ssa 
surface. MInetead of modeling the AAP antenaa, & wave guide 
horn of the fame heam width was used. 


6. In erder to seleet the most suitable antenna location, 
three locations were teated; one on the bow, cme atop the 
number two 8"/55 turret, and cie atep she forward Mic 37 director. 
The complete ranges of anterna train, 9 to 159 degrees, ani 
missile elevation, 9 to 45 Gerrees, weve investigated fap 
each location. This study ind ateé an Gvereall pus error 
averaged cver the train and elevation of 4.4 dezresa for tre 
director antenns, 3.4 degress fer the survet antenna and 2.8 
degrees fer the bew antenna. The aecuvaey of theae mensura- 
mente® wes estimated as $1 degree. There apreared te he a 
Significant ineresBe ita Inevesuing anglea of train 
beginning at ar angie of 120 degrece fram tie bow. There alse 
appeared & small. inerease in rms error at trie lower missile 
elevations 


The Sun Sende F 


7. The AAP Sun Sende was develored early in the pregram far 
the evaluation Gc? eecuracy of : missile vat 


rational Information. 
It consists esgentially of a regular AAP Bonde ieee a lLongi- 
tudinal slot whieh admits sunlight to a phetscell {Figure 2). 
The combination is so arranged that the somie be 


s 


transmitting retvational infcrmatian by oclaciz 
way, except thal. whenever the slot sweene past 


FAI 7% 


ihe BUM» a 


Bharp pip of frequency moduistion seeura. Thus, @ gun sonde 
gives two Independent rotational position Ladiections. One ie 


the normal polavization maxtuune indicavion whose AGEUracy we 
wish to evaluate, and the other is the nonlbion eof the sun vir 
Which is comsic-red aceurste and used aga a standard fer compari- 
son. The angulir difference between thease sro indiea tions 43 
measured from the records and is called the assured lag angle 
oe Figure 3). Fwem the geowater ef Ghe trajectory and the 
sun's position. the theoretical lag ans. iS then ecmputed. 
This is the truc angle bet \ . and the sun in the 
plane of missile eae. 3atween theoretical 
and msagured lag: snugle ia ue Gre erroer in 
the AAP rotations? Bes bed ame plot of theoreti 
eal and messurec: Sonde shet. 
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SCOPE OF SHIPBOARD TEST 


8, During tie week of 15 Septemoer 1952, 35 sun sondes 

were fired Pron the #2 Gurret ef the USS RACON. The sondes 
were fired in cegular 8*/55 inert projectiles rather than 

in AAP, By reducing the gun prooellant charge te 10 pounds, 
the initial velecity of these roids was held to 900 ft/sec, 
and their spin rate tecame of the sane order of magnitude as 
that of the AAP. Tais wes dore so that the recording and 
analysis cf the sun pips and scnde &lgneture would not be un- 
necessarily ecmplieated by © high projectile epin rate. 


9. Vertically polarized antennas similer to these whleh will 
ultimately be used in AAP were mounted eon the bow, #2 turret, 
and Mk 37 divecter, (Figures 5 5, 5, and 7). In addition, a 
helical antenna eof the tripe usad te command AAP was mounted 

on dsek at tne starboard rail alongside the #2 turres. This 
helical resely ing antennas wes used to cheek, by rechorocity 
relations, the powep required to comand the AAP fren shipe 
board. A ak zontal ly polart eG antenné was alss used to check 


certain theoretical espe Gtes Of the sea reviectiecn. Tt was 
meunted on Jere at the starboard rail forward of the #1 turret. 


The signals from tnase five antennas weve tronsmiited {after 
pre-amplification and conversion: to an in 


lnetiinment tscuck lasned 
om the deck a®s, whare they were recerded (Figures 3, 9, and 
10). Recerdings were made of the pitch end rell of she ship 
by motion nictaure ante ozraphy ov the diels of the Mk 41 Med 6 


stable vertical in the main piossing voom, Eowever, these 
records were of Jirtie value. The 8268 was exteemely calm dur- 
ing the test, 30 that the pitch and poll motion of the ship 
were of che order of 1 or & degrees. The mathod of photograph~ 
ing the Mi 41 dials was such that these srali motions could 

et be aceurataly msasured. 


MASULCTS OF ShHIFECARD SUN SCNEE DATA 
General Cheraster of the | Records , end Interpretation 


ll. Lag engles betvesn the major maximum {aonde indicated 
vertical) and she sun pip have been measured on 51 recordings. 
A peptien of a typleal oiect of theoretical and measured ABE 
nglee ap a fumetion of time for a single entenna and tingle 
m gonde round 1s shown on Figure 4. This plot is fer round 
- Fired at elevation 39 CEETERE » tain OO degrees, record 
the tueres antenna. Only 21 records vere read and 


wigtta G& in @uch detail, Ths remainder were sampled 2t each 
tenth point, and the Sanplings ve 94 te be representa- 
tive of the srtire vacerd 
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i2. Figure ‘++ Lllustrates the general nature of ene GFLGLB o 
There if eae slewly varying errer of about 1 or oe pesiod, and 
superimpered on this is a raplad fluctaation of 1% eriod sbout 
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one-tenth second. it is believed, on a theoretical basis, 
thas the slow perioti fluctuations are due so seattering from 
the ships suparetructure 4H conjunetlon with reflections 
from a smooth zea. The wapid fivetuations are believed due 
to a combinsticm of sea voughne s# and instinmentation errors, 
with a very snail amount being due to inaceurecy in reading 
the traces. The principal contribution te the rent mean 
square everege erpor is made by the slow fluctuations. For 
exannie, in FPiwure } the smooth curve was drawi by eye sc as 
te average out the rapid fluetuation. Tne rms error value 
over the compl.scte suoothed curve is 2.9 oe while the rms 
error over the unsmeothed curve is 3.3 degeees: hence, the 
rapid fluctuetion contributes only oO. 4 degirses to the rms error. 
Other rounds anaiveed in this way have shown eimiiar error 
breakdowns. Since this rus error, assuming a normal error 
Gistribucion, isn the stendard deviation or sigma or the Gteere 
ing, i6 cam be concluded that the slew eee an ‘due prin 
einsily to per eee fron the ships straiccure) is the primary 
cause Of steering direction dlapersicn. 


Over-all Regu. 
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a3. Table 1 


Lye) 


3 § _SuuMary of all ‘the rounds ane lyzed. 
rane rms yaluen ue “tabulate ec for Seek round end each antenna 
along with othe tion. Wheee rounda for which 
the anternn ent ‘were. mere evatad ave tanulated serarately 
ainece thes: are net part oP “he main body of data, but were 

rum to econfir seGleal and NEI remilta that the 30-degree 
antenns beam eltewation wed superior to 2ero elevation. This 
eontirnsation 22 spparent. The rms values of error for each 
anternyra , avereged ever ell rounds. is also presented in Table 1. 
These over-all walues confirm che MEL indication that the dires= 
tor Llocetion i che worst of the three avd indicate that the 
turret end boy Locations ars aqgquivealent. Similar over-all 
ae 
uw 


figures from the Wel, data are presented In Table 1 fer cempari-~ 


Ti . 


dey CEE 


1k. Yhe date in Table 1 nas sear averaged for each antenna 
over all of the rounds fired ab the @ame angle of train. 
@ il sresenssa this Gate in the form or rms error vas angle 
in far esch artenra. Here again the NEL trend (larger 
at the larger angles of 1% 
baw 


£ train) is cenPinsed. It ahould 
Sec that for the LO degree shots the pow antenna was 
x LeEPees whieh may account for @ large part of the 
150 degree Jor that artenna. 


a3 6 ee 16 26 Spparent effect of miselie elevation on the 
Tins f 2pin engle error. This fast is somewhat diffi- 
calt aS einae the elevation of each missile varies 


Figure 12 iliustrate he argular error 
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The three rounde shown are anong those in which only each 
tenth point ~32 messgured in order to shorten the analysis 
work. These vlote indicate no gignifieent increase in spin 
angle error as the rounds approach the water. The splash 
points are nowed and the curves are carri=zd te within abaut 
100 fest of the water. 


The Translator Prediction Problem 


16, The expesivental lag angles which have been compared with 
the theoretical to obtain Figures 4, 11, end 12 and Table 1, 

were measured as described in Figure 3. In obtaining this 

lag angle, no attempt was made to sinulete the AAP translator 
operation or to Pind the epin angle errer which an actual 
translator would make in deriving spin information from the 
received signal (Figure 32). Of sourse, the operation of an act~ 
ual transiateos is beyond the score of thle report, but it must 

be recognized thet in obtaining the meafured lag angle we 

have used a pooredure which is not avaliakle even te a perfect 
translator. Ye haye checked our theoretical lag angle sgainst 

& measured las angle obtained by interpeletion. An aetual 
rarnsLatoy muis extracolete instead of interpolating sinee 

ite task i8 tu gelect im advance the correct time at which 

te commana. Ft is oP no walue to know the correct time after 

that time has  .ssecri,Therefcre, it cannet base ita computation 

on the tires of cecurrence of succesdling vsaks. 


17. The trenslater, in practice, keeps a running record of the 
interval between AM ceake, and ete poll the rotational position 


using the time of cseurrence ef she lest peak, and the reta- 
tional rate wiich it has steered “rem prees ding sycles. This 


stered rate may be an arerage of Htsveral preceding cycles, or 
merely the vate of the last complete cyele. in any case the 
translator prediction must be bused on the rahe of preceding 
eycles, and net or. that ef the present pion fn faet, the situ- 
ation is nae eoplicated by the rocket and filter delay. 
The filter delay and aes time of the reecket in the AAP 
ile are such that the command te ateer must be given about 


90. degrees gape the port on af the signal corresponding te 
he correct missile Bpin angle appears at the translator. There- 


fora, the tran eee ust predict Spin angle from 90 to 450 degrees 
in advance. Yor example, if it is desired te steer at 89 de- 

a past a oartieular AM peek, the command must be given 

1 é2gree before the peak appears in the translater determined 

by 24g: ch involving still earlier peake,. 


WwsEents a more realistic method of precictiis 
erros of a perfect translator, Measured lag 
i re" during the vreceding cycle 


nGed uper et te | 
eer angle 433 2G cn the average Spin rave 
Guving the $hrae preceding cyclen. A shorts section of record 
ES-84 has beet. analyaed oy taese two methods and Figure 14 
pregents the vosulte, comparing them with the method used fer 
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the remainder <4 the data in this report, as deeerlbea in 
Pigure 3. Ne 3 ir gob celinaeaee difference is parent. This lack 
£ significant a ference is fairly underst andable since it 

is to we expec ven on a rac yeetical basis that She change 

from the intersolation te extrapolation would serve so aecent= 

uete the ranid Pluetuation in measured lag angie (Figure iy} 

while having 1litsle or no effect en the sicw Piuctus Oe s 

Since the slow fiuctuatieons sonatitute tae rajor com 
the error, arn increase im the amplitude of the rapid 
tion snenle have 4 ex the pass nea 

the two types of f 16.05 eene cemparaxle. 

a rougher sea sucface, it le poss that the rapt 
tion may pecom? comparable toa or re tnan che ma 
fluctuations, in which csse the extr ation vequired of the 
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FIG. 2 AAP SUN SONDE 
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